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Historically, prairie dogs (Cynomys spp.) have been considered essential to the health of 
western US grassland ecosystems by providing unique services and increasing vegetation 
community richness, evenness, and diversity. However, the persistence and return of black-tailed 
prairie dogs (Cynomys ludovicianus) to urban Boulder, Colorado may not result in the same 
ecosystem benefits historically associated with their presence. The urban landscape of Boulder 
presents prairie dogs with movement challenges unparalleled in natural landscapes, as well as 
suites of non-native plant species that have gained footholds in the region. This study examined 
the role of the prairie dog in urban Boulder to evaluate if the benefits to plant communities 
historically associated with their presence are maintained. The dataset for this analysis was 
comprised of 71 paired (occupied vs. unoccupied) vegetation surveys and 156 additional 
unpaired surveys collected from 1997 to 2010. Absolute cover of each species was determined 
for every survey resulting in a database of more than 280,000 individual observations. Mixed 
measure linear models were used to compare data from transects occupied and unoccupied by 
prairie dogs, as well as to evaluate the effect of prairie dog occupation duration. Results of this 
comprehensive analysis suggested that vegetation richness, evenness, and species diversity were 
all significantly lower (p < 0.01) in areas occupied by prairie dogs than unoccupied areas. 
Similarly, rates of vegetation and litter change, as well as the magnitude of bare soil exposure in 
Boulder are markedly different from those observed in the more natural landscapes of western 
South Dakota. This analysis of cover indicated that 12 species were significantly positively 
associated with the presence of prairie dogs, while 16 species significantly declined in their 
presence (p < 0.05 for all). Analysis of plant functional groups revealed the significant reduction 
of perennial native grasses (p < 0.01) as well as a significant increase in the cover of introduced 
forbs in occupied areas (p < 0.01). This study suggests that prairie dogs have a novel ecological 
role in Boulder, Colorado. Understanding how these changes to vegetation community 
compositions will affect ecosystem processes and services is necessary in order to develop 
informed management decisions that maximize the benefits of prairie dogs while minimizing the 
costs. 
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INTRODUCTION 
 
Returning a native species to an ecosystem typically restores trophic balance (e.g., Smith 
et al. 2003, Levine et al. 2004, Miller et al. 2012), but if human actions alter the landscape and 
resource dynamics of that ecosystem, the historical role of the species may change. Under natural 
conditions, prairie dogs (Cynomys spp.) play an essential role in western US grassland 
ecosystems with beneficial effects across trophic levels (e.g., Miller et al. 1994). Research 
conducted in national parks and wildlife refuges has highlighted the positive effects of prairie 
dogs on grassland ecosystems at multiple trophic levels (e.g. Hansen and Gold 1977, Miller et al. 
1994). However, the persistence and return of black-tailed prairie dogs (Cynomys ludovicianus) 
to urban Boulder, Colorado may not result in the same ecosystem benefits historically associated 
with their presence. The anthropogenic landscape of Boulder presents prairie dogs with 
movement challenges unparalleled in natural landscapes, as well as suites of non-native plant 
species that have gained footholds in the region through human actions and changes in climate 
(Lawton 2010). Under these unique circumstances we should expect the presence of prairie dogs 
to result in novel changes to vegetation communities with unknown consequences. Therefore, we 
must examine if the role of the prairie dog is different in an urban landscape than in less 
anthropogenically-altered landscapes in order to anticipate potential ramifications for 
biodiversity and ecosystem services, as well as effects across trophic levels. 
The effect that prairie dogs have on western US grassland ecosystems has been studied 
since the early 1900s (Miller et al. 1994); however few conclusions have been reached without 
creating controversy. The majority of early prairie dog research focused on impacts to livestock 
grazing. Beginning in 1902, observations by USDA personnel concluded that prairie dogs were a 
destructive species that would directly reduce livestock forage by 50 to 75% (Merriman 1902), 
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providing the justification for eradication policies from the state to federal levels. Prairie dogs 
remained generally unfavorable in the eyes of the public until the 1970s when researchers 
reevaluated the role of the prairie dog and discovered the benefits of having prairie dogs in 
western US grassland ecosystems (Bonham and Lerwick 1976, Hansen and Gold 1977). Many 
researchers and conservation advocates currently promote the protective management of prairie 
dogs due to the positive effects of this keystone species (e.g., Kotliar et al. 1999) or “foundation” 
species (Mills et al. 1993) on ecosystem function and biodiversity, which include an increased 
habitat for macro-invertebrates and rare vertebrates (Miller et al. 1994), the regulation of prairie 
ecosystems (Hansen and Gold 1977), and an increased prey source for many threatened or 
endangered carnivores (Miller et al. 1994). However, from the perspective of many cattle 
ranchers and farmers, the potential for prairie dogs to reduce the carrying capacity for livestock 
(Vermeire et al. 2004), damage crops, and perceived injuries to livestock typically outweigh any 
benefits the ecosystem may gain.  
Recently, prairie dog conservation has become politically complex as management 
agencies have tried to weigh the interests of ranchers, farmers, prairie dog advocates, and 
naturalists when trying to decide how to manage grassland ecosystems. After decades of 
eradication campaigns, in addition to agricultural habitat conversion, prairie dog populations are 
estimated to have been reduced by more than 98% (Miller et al. 1990), although the validity of 
historical baselines are widely debated (Vermeire et al. 2004, Miller et al. 2007). Further 
complicating the issue is the addition of the introduced pathogen Yersinia pestis, the causal agent 
of both bubonic and sylvatic plague which spread to the Great Plains in the 1940s (Barnes 1993), 
and has since represented the greatest threat to long term prairie dog colony persistence (Stapp et 
al. 2009). Population reductions due to eradication campaigns combined with periodic plague 
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extirpations presents an issue for not only the long term sustainability of prairie dogs (Wuerthner 
1997) but also their obligate associates, such as the black-footed ferret (Mustela nigripes; Cully 
1993).  
Research on prairie dog-induced changes to vegetation composition and structure has 
been examined since the 1940s due to interest in the effects of prairie dogs on livestock grazing. 
Osborn and Allen (1949) were the first to observe the effects of prairie dogs on plant 
communities when they examined vegetation changes in a wildlife refuge following local prairie 
dog extirpations. Their research documented the presence of vegetation rings radiating out from 
the center of former prairie dog colonies; the heart of the former colony consisted of a forb mat, 
followed by a series of mixed forb and grass rings, and finally an outermost ring of tall grasses 
(Osborn and Allen 1949). Subsequent research on vegetation change due to prairie dogs has 
revealed a number of consistent patterns. The presence of prairie dogs has been shown to 
decrease the cover of grasses (Coppock et al. 1983, Detling 1998, Magle and Crooks 2008) while 
increasing the cover of forbs (Coppock et al. 1983, Agnew et al. 1986, Archer et al. 1987, 
Whicker and Detling 1988, Magle and Crooks 2008) and bare soil (Archer et al. 1987, Magle 
and Crooks 2008), however, there are some notable exceptions. Boham and Lerwick (1976) 
observed that prairie dog grazing primarily caused declines of annual grasses and forbs, but 
increased the cover of perennial grasses.  
Despite relatively consistent trends regarding the effects of prairie dogs on vegetation 
patterns, examining how such plant communities change over time has produced variable results. 
Work by Detling (1998) documented a decrease all grasses due to the presence of prairie dogs, 
but not until after prairie dogs had occupied areas for more than eight years. Detling’s findings in 
1998 were similar to the work of Coppock et al. (1983), but were markedly different from the 
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research by Archer et al. (1987) who observed an immediate and permanent decline in the cover 
of grasses following prairie dog occupation. All three of these studies were conducted in Wind 
Cave National Park, and their different findings highlight methodological issues with previous 
prairie dog research. Since it was not known when prairie dogs first occupied new areas, colony 
age was typically estimated as a range of time (e.g. 3-8 years; Coppock et al. 1983) based on the 
communities of plants present within a colony or expert knowledge of the area. The use of age 
ranges forced researchers to interpolate changes over time, rather than document annual change 
for individual colonies. Additionally, these studies did not conduct vegetation surveys before 
prairie dog occupation; therefore, pre-occupation baselines (time = 0) of cover classes were 
typically based on uncolonized areas adjacent to colonies which could have had very different 
starting vegetation communities. Despite these issues, researchers concluded that in the presence 
of prairie dogs, the cover of grasses declined over time while the cover of forbs increased 
(Coppock et al. 1983, Archer et al. 1987, Detling 1998). 
With the exception of the work by Magle and Crooks (2008), the majority of research 
that has advanced our knowledge regarding the effects of prairie dogs on vegetation has been 
conducted in areas with low levels of human impacts, and often in protected areas such as Wind 
Cave National Park in South Dakota and the Pawnee National Grassland in Colorado (e.g., 
Archer et al. 1987, Whicker and Detling 1988, Hartley et al. 2009). Historically, prairie dogs 
inhabited continuous grasslands with minimal movement restrictions and coexisted with large 
native grazers, such as bison (Bison bison), and their populations were naturally controlled by 
predators such as coyotes (Canis latrans) and raptors. Prairie dogs currently inhabiting areas 
with low anthropogenic landscape alteration, such as the Wind Cave National Park, may 
maintain their positive ecosystem effects, such as increased vegetation richness, evenness, and 
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diversity (e.g., Bonham and Lerwick 1976, Coppock et al. 1983), due to the historic conditions 
of their less constrictive landscape. In contrast, Boulder County is a highly fragmented area with 
constant development. Prairie dog colony densities in Boulder are higher in more urbanized 
colonies (Johnson and Collinge 2004), which could alter resource competition within colonies 
and result in changes to plant community compositions. When examining the effects of prairie 
dogs on vegetation in a similarly urban site outside Denver, Colorado, Magle and Crooks (2008) 
observed an increase in bare soil and forb cover on colonies, consistent with the previous work 
conducted in South Dakota. However, since comprehensive examinations of changes to plant 
community compositions have not been conducted, the effects that urban prairie dogs have on 
fragmented grassland ecosystems are still not understood.  
While prairie dogs have been persisting and repopulating their native range along the 
Foothills of the Rocky Mountains within the last decade, vegetation research conducted in 
Boulder suggests that the interaction of introduced plant species and recent climatic changes 
have been favoring different plant compositions than those common to the historical short and 
mixed grass prairie ecosystems. Increased winter precipitation with a warmer and longer 
growing season has resulted in the increased abundances of some non-native winter annual 
species already present, while allowing others to gain a foothold in the area (Lawton 2010). The 
combination of an increased native herbivore population (i.e., prairie dogs) with the increased 
presence of non-native plant species within an anthropogenic landscape has resulted in a unique 
situation in Boulder.  
The return of native fauna to an area, such as wolves in Yellowstone National Park, 
typically restores ecosystem health by reestablishing balance across trophic levels (Smith et al. 
2003). However, with a changing climate and landscape, humans may have altered Boulder’s 
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ecosystem beyond a certain threshold, resulting in prairie dogs no longer having the traditional 
positive benefits observed in more natural environments. Instead of enhancing ecosystem health, 
urban prairie dogs may now have the potential to contribute to a novel shift in vegetation 
communities, which may reduce ecosystem diversity, alter ecosystem services, and result in 
detrimental effects across trophic levels (e.g., Vitousek et al. 1987, Mack et al. 2001, Ehrenfeld 
2003). Therefore, it is essential to understand the effects of urban prairie dogs on Boulder’s 
grassland ecosystems in order to facilitate evidence-based decisions regarding prairie dog 
population management.  
In this study I examined the effects of black-tailed prairie dogs (hereafter “prairie dogs”) 
in Boulder on vegetation composition at the species and community levels, as well as the effects 
of prairie dog occupation duration on community dynamics. I hypothesized that the cover of 
introduced species that occur in low abundances in unoccupied areas will be higher when prairie 
dogs are present. Similarly, native plant species that occur in high numbers in unoccupied areas 
will be significantly lower when prairie dogs are present. At the community level, I hypothesized 
that the cover of non-native plants will be higher in areas occupied by prairie dogs since many of 
the introduced plant species are opportunists and therefore may exploit bare ground voids within 
colonies. As a result of preferential and sustained grazing by prairie dogs, I hypothesized that the 
cover of perennial species, and perennial native grasses, will be significantly lower within 
colonies while the cover of annual species will be higher. Furthermore, I hypothesized that the 
effects of prairie dog presence on species richness, evenness, and diversity in the fragmented 
landscape of Boulder will not match the effects documented in areas with minimal anthropogenic 
impacts. With respect to the effects of prairie dog occupation time, I hypothesized that the cover 
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of grasses (both native and introduced) and litter will decrease with the time prairie dogs have 
been on a site while the cover of forbs (both native and introduced) and bare soil will increase. 
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METHODS 
 
Study Area 
The study was conducted within Boulder County, Colorado, USA. Vegetation transects 
and prairie dog colonies surveyed for this study were all located between 40°10'44" and 
39°51'34" N Latitude and 105°18'8" and 105°06'45" W Longitude with a mean elevation of 
approximately 1645 m. Research focused on colonies monitored by the City of Boulder Open 
Space and Mountain Parks (OSMP). On monitored OSMP properties, prairie dog colonies have 
increased from 55 in 1997 to 410 colonies in 2010. During this time period, prairie dog colonies 
ranged in area from less than 0.01 ha to 214 ha with a mean colony area of 4.5 ha. The 
landscapes in Boulder occupied by prairie dogs are located within the short and mixed grass 
prairie ecosystems, but cattle ranching, agriculture, and development have continued to alter the 
landscape since the 1850s. The majority of prairie dog colonies in Boulder are currently located 
within an urban landscape with a range of anthropogenic features (Johnson and Collinge 2004; 
Figure 1). 
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Fig.1. The locations of prairie dog colonies on OSMP lands in 2010 within the 
urban landscape of Boulder, Colorado. 
 
Vegetation Transects 
Vegetation data were collected from 1997 to 2010 by OSMP personnel; however, 
individual transects were seldom surveyed annually during this time. Vegetation surveys were 
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conducted along 71 paired transects and an additional 156 unpaired randomly located transects 
(Figure 2). The transect pairs were explicitly established with one transect located within an area 
occupied by prairie dogs and its pair located in an adjacent unoccupied area with similar 
topography. The positions of the 156 unpaired transects were chosen by utilizing a stratified 
Generalized Random Tessellation System (Steven and Olsen 2004), which selected spatially 
balanced random locations within the grasslands of Boulder.  
Fifty meter line point intercept surveys were conducted utilizing a crosshairs 
superimposed in a low power magnifying optical sight perpendicular to the ground. Data were 
collected at 100 projected points along each 50 m transect, one meter to the left and right of the 
transect line at one meter intervals. All vegetation and non-vegetation intercepted by the 0.07 
mm crosshairs point were conventionally classified (described by Winkworth et al. 1962) with 
live vegetation identified by species, and in some instances by subspecies or varietals, and non-
vegetation categorized as bare soil, litter, rock, or standing dead plant matter. Due to the 
tendency of point intercept sampling to miss rare species, all species within a 100 m
2
 belt 
transect, measured as one meter on both sides of the 50 m transect line, were tallied and included 
in the database. After assembling a list of all species present in Boulder, absolute cover of each 
species was determined for every survey, resulting in a database of more than 280,000 individual 
observations. Plant scientific names, origins (introduced or native), functional groups (forb, 
grass, shrub, etc.), and life history strategies (annual or perennial) reported here follows 
nomenclature used by the USDA Plants Database (www.plants.usda.gov).  
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Fig.2. Locations and spatial distributions of paired transects (yellow) and 
randomly located transects (green) in Boulder, Colorado. 
 
Prairie Dog Occupation and Occupation over Time  
The length of time that prairie dogs were present on each transect was determined using 
ArcGIS 10 (ESRI, Redlands, CA). Prairie dog colony extents have been mapped annually by 
OSMP personnel since 1997; therefore, by examining the extent of each colony over time 
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relative to each transect, it was possible to determine the occupation history of each vegetation 
transect since 1997 (Figure 3). The average prairie dog occupation time for transects from 1997 
to 2010 was 5.9 years. 
 
Fig.3. Transects 51 and 52 relative to prairie dog colony extent from 1997-2001. 
Transect 52 was unoccupied from 1997-1999 but priaire dogs colonized the 
transect in 2000. 
 
Plague outbreak events in Boulder from 2005 to present resulted in inconsistent 
occupation histories for multiplevegetation transects. Plague events typically result in colony 
mortality rates greater than 95% (Cully and Williams 2001), and decreased populations could 
subsequently reduce a colony’s extent, in some cases by more than 99%, or cause temporary 
colony extirpations (Cully and Williams 2001). In Boulder, reduced or extirpated colonies often 
recovered due to recolonization events after one year of a plague outbreak, but some colonies 
have remained unoccupied following a plague event (OSMP unpublished data). 
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Data Analysis 
When analyzing the data for differences between occupied vs. unoccupied transects, only 
data from transects with consistent histories were selected. If an event, such as a plague outbreak, 
caused an occupied transect to become unoccupied temporarily, then this transect was omitted. 
For occupied vs. unoccupied comparisons, 27 occupied transects and 134 surveys of unoccupied 
transects were analyzed. Since the dataset was unbalanced and contained repeated measures, 
mixed measure linear models were used to compare data from occupied and unoccupied 
transects by utilizing the lme4 package (Bates 2005) within the statistical environment R (R 
Development Core Team 2011). For these analyses, both individual transects and sampling years 
were set as random or grouping variables when examining the effect of prairie dog occupation on 
the percent cover of a specific dependent variable (e.g., bare soil or litter). The Bayesian 
information criterion (BIC) and Akaike’s information criterion (AIC) values confirmed that this 
model design best fit the dataset.  
To examine the effect of prairie dog occupation duration on the percent cover of different 
variables (such as bare soil and introduced grasses), only transects surveyed pre- and post- 
occupation were included. A total of 97 surveys, from the 19 transects that fit this criterion, were 
used to analyze the effects of prairie dog occupation time. To determine these relationships, 
mixed linear models were utilized to examine the effects of prairie dog occupation time on the 
cover of classification groups, with individual transects set as the grouping variable. Simple 
linear regressions were not appropriate for this analysis due to the unbalanced nature of the 
dataset and the repeated measures inherent with the sampling design. Similar to the previous 
analysis methods, BIC and AIC values confirmed that this model design was the best fit for the 
dataset.   
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RESULTS 
 
Species Composition 
 Out of the 100 most common species of vegetation for all transects, 28 species exhibited 
a significant difference (p < 0.05) in absolute percent cover when prairie dogs were present 
compared to absent. Of those 28 species, 12 species were observed with a significantly greater 
cover, and the remaining 16 species had significantly less cover in the presence of prairie dogs. 
Out of the 12 species that had a greater cover when prairie dogs were present, 11 were forbs, and 
there was no difference in terms of the species origins or life history strategies (Table 1). For the 
16 species that had significantly less cover, 8 were grasses, 11 were native in origin, and 12 were 
perennials (Table 1). 
Table 1. Species of the most common 100 plants with signficant differences (p < 
0.05) in percent cover when prairie dogs were present. Species were grouped 
based on their change in the presence of prairie dogs (greater or lower cover), 
functional group (forb or grass), origin (introduced or native), and their life 
history strategy (annual or perennial). 
 
Cover Greater 
# of Species 
 (n = 12)  
Cover Greater 
% of Responders 
(n = 12) 
Cover Lower 
# of Species 
 (n = 16) 
Cover Lower 
% of Responders 
(n = 16) 
Forbs 11 92% 8 50% 
Grasses 1 8% 8 50% 
Introduced 6 50% 5 31% 
Natives 6 50% 11 69% 
Annuals 6 50% 4 25% 
Perennials 6 50% 12 75% 
 
 The four plant species with the greatest cover increases and decreases in the presence of 
prairie dogs are shown in Table 2. Three of the top four species that increased were introduced 
forbs. Convolvulus arvensis (field bindweed) was the most common and abundant species in 
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areas occupied by prairie dogs, despite being relatively uncommon in unoccupied areas. The top 
four species that decreased were all grasses, and were split in their origin. 
Table 2. The top four species that increased and decreased in the presence of 
prairie dogs. All changes in cover after occupation were signficant (p < 0.05). The 
group designation of “F” and “G” refer to forb and grass, respectively. The origin 
classifcation of “N” and “I” refer to native and introduced, respectively. 
 Increased Cover 
Species 
Mean % cover 
occupied ± SE 
(n=122) 
Mean % cover 
unoccupied ± SE 
(n=312) 
Group Origin 
Convolvulus arvensis 16.38 ± 1.79 1.38 ± 0.20 F I 
Erodium cicutarium  2.73 ± 0.65 0.09 ± 0.03 F I 
Plantago patagonica 1.80 ± 0.47  0.04 ± 0.02 F N 
Phyla cunefolia 1.05 ± 0.51  0.02 ± 0.01 F N 
 Decreased Cover 
Species 
Mean % cover 
occupied ± SE 
(n=122) 
Mean % cover 
unoccupied ± SE 
(n=312) 
Group Origin 
Andropogon gerardii 0.50 ± 0.14 3.47 ± 0.37 G N 
Bromus japonicus 0.40 ± 0.19 2.53 ± 0.34 G I 
Poa agassizensis 0.09 ± 0.04 1.93 ± 0.29 G N 
Alyssum parviflorum 0.07 ± 0.04 1.81 ± 0.24 G I 
 
 Occupied transects had significantly less standing dead vegetation (p < 0.05) and litter (p 
< 0.0001), but significantly more bare soil (p < 0.0001) than unoccupied transects (Figure 4). 
Mean percent cover of bare soil in occupied transects (26.01 ± 0.99) was four times higher than 
in unoccupied transects (6.87 ± 0.41).  
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Fig.4. Percent cover of standing dead vegetation, litter, and bare soil for occupied 
and unoccupied transects. Means ± SE are presented. All differences were 
signficant (p < 0.05). 
 
Community Compositions 
 The cover of forbs was significantly higher on occupied transects (p < 0.0001), while the 
cover of grasses was significantly lower (p < 0.0001). Occupied transects had significantly more 
introduced forbs (p < 0.0001) and native forbs (p < 0.05) than unoccupied transects. The cover of 
both introduced and native grasses were significantly lower in occupied transects (p < 0.05 and p 
< 0.0001, respectively; Figure 5).  
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Fig.5. Percent cover of native and introduced forbs and grasses for occupied and 
unoccupied transects. Means ± SE are presented. All differences were signficant 
(p < 0.05). 
 
Occupied transects had significantly lower species richness (p < 0.001), evenness (p < 
0.0001), and Shannon-Wiener Diversity (p < 0.0001), than unoccupied transects (Figure 6). 
Average species richness was 50% higher in unoccupied transects (36.03 ± 0.95) than in 
occupied transects (23.50 ± 1.18). Disparities between occupied and unoccupied transects were 
less pronounced for both evenness (0.427 ± 0.02 and 0.52 ± 0.01, respectively) and diversity 
(1.32 ± 0.06 and 1.81 ± 0.03, respectively), despite being significant (Figure 6). 
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Fig.6. Boxplots demonstrating species richness, eveness, and diversity for 
occupied and unoccupied transects. The bold horizontal lines indicate the median 
value, while the ends of the box coorespond to the upper and lower quartiles.  
 
Transects occupied by prairie dogs had significantly less cover of perennial native grasses 
(p < 0.0001) and significantly higher annual species cover (p < 0.05) than occupied transects 
(Figure 7). Although the mean cover of all perennial species on occupied transects (37.71 ± 1.68) 
was less than the mean cover on unoccupied transects (45.13 ± 0.92), the difference was not 
statistically significant (p = 0.25). The mean cover of perennial native grasses in occupied 
transects (8.48 ± 0.99) was nearly three times lower than the mean cover in unoccupied transects 
(22.80 ± 0.84). 
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Fig.7. Cover of all perennial species, perennial native grasses, and all annual 
species for occupied and unoccupied transects. Means ± SE are presented. 
 
Effects of Time 
Prairie dog occupation duration was significantly positively correlated (p < 0.001) with 
the percent cover of bare soil. There was no relationship between time and bare soil cover before 
prairie dog colonization (p = 0.716; Figure 8). Litter cover had no relationship with time pre- 
occupation (p = 0.833), but had a significant negative correlation with time post- occupation (p = 
0.008; Figure 8). 
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Fig.8. The relationship between prairie dog occupation time and percent cover of 
bare soil and litter grouped by transect. Trendlines represent mean percent cover 
at each occupation time.    
 
The duration of prairie dog occupation was significantly negatively associated with the 
cover of both the native and introduced grasses (p < 0.001 and p = 0.018, respectively; Figure 9). 
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Prior to prairie dog occupation, the cover of native grasses was significantly decreasing (p = 
0.013), while the cover of introduced grasses was significantly increasing (p = 0.240; Figure 9).  
 
 
Fig.9. The relationship between prairie dog occupation time and percent cover of 
native and introduced grasses grouped by transect. Trendlines represent mean 
percent cover at each occupation time.    
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The duration of prairie dog occupation was significantly positively associated with cover 
of native forbs (p = 0.024; Figure 10). Native forbs also had a significant negative correlation 
with time prior to the presence of prairie dogs (p = 0.002). There was no relationship between 
time and the cover of introduced forbs either before or after prairie dog occupation (p = 0.427 
and p = 0.813, respectively).  
Prior to prairie dog occupation, 7 out of the 19 transects examined had an average 
introduced forb cover greater than the mean introduced forb cover of all unoccupied sites (7.26 
%); after prairie dog occupation 10 transects had an average cover greater than 7.26%. Overall, 
14 of the 19 transects surveyed increased in the average cover of introduced forbs after prairie 
dog occupation.  
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Fig.10. The relationship between prairie dog occupation time and percent cover of 
native and introduced forbs grouped by transect. Trendlines represent mean 
percent cover at each occupation time.    
 
The change in mean cover of bare ground, native forbs, introduced forbs, native grasses 
and introduced grasses were examined for the first eight years following prairie dog occupation 
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(Figure 11). Both the native and introduced grasses showed cover declines immediately 
following prairie dog occupation, although the native grasses showed a slight rebound after year 
seven. The native and introduced forbs both increased similarly in cover over eight years, but the 
cover percentage was highly variable. Introduced forb cover increased immediately following 
prairie dog occupation at a rate greater than all other classes (Figure 11).  
 
 
Fig.11. The change in percent cover bare ground, native forbs, introduced forbs, 
native grasses and introduced grasses following prairie dog occupation (n varies 
from 2 to 12 for years inhabited) 
 
Similar to the work by Archer et al. (1987) conducted in South Dakota, the change in 
percent cover of litter, bare ground, forbs, and grasses were examined for the first five years 
following prairie dog occupation in Boulder, and presented in Figure 12 relative to the original 
figures produced by Archer et al. (1987). Litter and bare soil cover for both studies showed 
similar rates of decline despite litter having very different start and end cover percentages 
(Figure 12). Archer et al. (1987) observed a consistent increase in forb cover over time; in 
25 
 
Boulder, forb cover increased to similar levels after five years of occupation, but was more 
variable (Figure 12). After five years, the cover of grasses declined to nearly identical levels, 
despite major differences before prairie dog occupation (Figure 12). 
 
Fig.12. The change in percent cover of litter, bare ground, forbs, and grasses 
following prairie dog occupation. Original axis and trends from Archer et al. 
(1987) overlayed with data from Boulder (colored lines). 
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DISCUSSION 
 
Prairie dogs have a novel ecological role in Boulder, Colorado. Multiple studies have 
shown that in South Dakota grasslands, prairie dog presence increased vegetation richness, 
evenness, and diversity (e.g., Bonham and Lerwick 1976, Hansen and Gold 1977, Coppock et al. 
1983), making prairie dogs essential to grassland ecosystem health (e.g., Miller et al 1994). In 
Boulder’s urban landscape, these same ecosystem metrics were all significantly lower in areas 
occupied by prairie dogs (Figure 6). Similarly, rates of vegetation and litter change, as well as 
the magnitude of bare soil exposure in Boulder are markedly different from those observed in 
rural landscapes (Figures 11; Coppock et al. 1983, Detling 1998). In the Sevilleta National 
Wildlife Refuge, New Mexico, the reintroduction of Gunnison’s prairie dogs had no significant 
effect on vegetation compositions (Davidson et al. 1999); in Boulder, analysis of plant functional 
groups and origins has revealed the significant reduction of perennial species (Table 1) as well as 
a large increase in the cover of introduced forbs in occupied areas (Figure 5). The previously 
undocumented patterns of change revealed by the temporal and spatial scope of this analysis 
suggest that urban prairie dogs have a new ecological role in Boulder, and therefore have the 
potential to alter ecosystem services and processes in novel ways.  
The methodological approach to this study provided the first opportunity to examine the 
role of the urban prairie dog within the context of changing cover classes over time on the same 
colonies. With few exceptions (e.g., Harley et al 1999), previous research typically estimated 
colony age as a range of time based on suites of plant species (e.g., Coppock et al. 1983) or 
expert knowledge of the area (e.g., Archer et al. 1987). Additionally, previous studies did not 
conduct vegetation surveys before prairie dog occupation; therefore, pre-occupation baselines of 
cover classes were based on the uncolonized areas adjacent to colonies. This study is the first to 
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analyze data from pre- and post- occupation surveys of transects as well as explicitly document 
the annual change of cover classes. This methodology has helped reveal previously 
undocumented rates and patterns of change in cover classes, including bare soil, providing 
credence to the idea that urban prairie dogs have a different role within Boulder’s landscape than 
has been observed in more natural prairie ecosystems.  
Previous researchers, such as Archer et al. (1987), observed similar initial rates of 
increase in bare soil cover on prairie dog colonies in South Dakota (Figure 12); however, Archer 
et al. (1987) stated that after three years of habitation, bare soil cover was stabilized at 35% by 
rapidly increasing forbs. This does not appear to be the case in Boulder. As shown in Figure 11, 
bare soil cover does not stabilize after three years, but instead continues to increase, peaking at 
an average of 57% after seven years of prairie dog occupation. The amount of bare soil exposed 
within colonies is far beyond the level of 35% documented by Archer et al. (1987), and coupled 
with decreases in litter and standing dead vegetation, suggests the potential for prairie dogs to 
alter colony landscapes in novel ways.  
Reduced litter can have direct and indirect effects on both the physical and chemical 
environments within prairie dog colonies (Facelli and Pickett 1991). In grasslands, litter 
reduction has been shown to increase soil temperatures (Hulbert 1969, Knapp and Seastedt 
1986), which can alter decomposition and nutrient availability (Knapp and Seastedt 1986), as 
well as increase soil evaporation (Larson and Whitman 1942). Along with litter reductions, 
increased soil exposure due to grazing may also result in changes to microclimatic variables, 
such as increased soil temperatures and decreased relative humidity (Yates et al. 2000). If prairie 
dogs significantly alter the environmental conditions and resources within their colonies above or 
below critical thresholds, occupied areas may no longer be suitable for certain historically 
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common species and therefore undergo a shift in vegetation communities (Yates et al. 2000). 
One additional outcome of elevated evaporation rates and soil exposure may be increased wind 
erosion rates on prairie dog colonies. The loss of topsoil could be detrimental to the colonization 
and growth of future vegetation, directly reducing net primary productivity on prairie dog 
colonies and decreasing forage for grazing cattle. The effects of prairie dogs on wind erosion 
rates in Boulder are currently being examined with the use of dust collectors, and will be 
reported in the future. 
The majority of previous research examining the effects of prairie dogs on vegetation 
compositions has been accomplished by surveying fewer than 15 paired transects (e.g., Coppock 
et al. 1983, Archer et al. 1987). This study analyzed surveys conducted on 71 paired transects in 
addition to surveys from 156 transects located randomly through Boulder County. Utilizing a 
database of more than 280,000 individual observations of absolute cover obtained over a 13 year 
period, the temporal and spatial scope of this study allows for a comprehensive analysis of trends 
and suggests different patterns than those observed in rural landscapes, such as the loss of 
perennial species and increased abundance of introduced forbs. Previous research examining the 
effects of prairie dogs on vegetation communities has rarely focused on the origins and 
functional characteristics of species that either thrive or perish within colonies; however, 
maintaining community compositions are essential in sustaining an area’s ecosystem processes 
and services (Hooper and Vitousek 1997). Therefore, understanding how the presence of prairie 
dogs is shifting the compositions of plant functional groups and origins will provide insight on 
the potential changes to the processes and services of Boulder’s grassland ecosystems. 
Perennial species, and in particular in this ecosystem, perennial native grasses, have been 
historically important to grazers because they may constitute the majority of biomass used for 
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dietary forage (Hooper and Vitousek 1997). Perennial species are also essential to grassland 
ecosystems because they increase annual aboveground net primary production (Milchunas and 
Lauenroth 1993) and, presumably, below ground productivity as well (Wardle et al. 1999, 
Wardle et al. 2004). Seventy five percent of the plant species that significantly declined in the 
presence of prairie dogs had a perennial life history strategy (Table 1). At the community level, 
the cover of perennial native grasses was significantly lower in occupied areas, while the cover 
of annual species was higher (Figure 7). Bonham and Lerwick (1976) thought that additional 
perennial grasses and forbs would increase the amount of forage available for both prairie dogs 
and livestock grazing within colonies; however, subsequent studies have shown that grazing 
typically decreases aboveground biomass regardless of grassland functional group composition 
(e.g., Derner et al. 2006).  
Changes to colony functional group compositions may have drastic repercussions in 
Boulder County. Boulder OSMP currently leases 5,900 ha of land to farmers and ranchers for 
livestock grazing and agricultural production (OSMP 2010) and in 2010 prairie dogs occupied 
approximately 1,200 ha of OSMP grassland habitats. In 2002, the USDA estimated that 88% of 
agricultural and livestock grazing leases granted by Boulder OSMP were to families or 
individuals (USDA 2004). Reductions in grazing forage due to prairie dogs, and subsequent 
economic impacts on independent ranchers, may be one example of a major decline in ecosystem 
services caused by Boulder’s urban prairie dogs. In addition to reducing grazing forage, changes 
to functional group compositions induced by prairie dogs may also alter ecosystem processes, 
such as nutrient and hydrologic cycles (Hobbes 1993, Hooper and Vitousek 1997), potentially 
shifting vegetation communities away from historically common species (Yates et al. 2000). 
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While a decreased grass to forb ratio within prairie dog colonies is well documented (e.g., 
Coppock et al. 1983, Whicker and Detling 1988, Magle and Crooks 2008), and is consistent with 
the grazing strategy of prairie dogs, little attention has been paid to the origins of the forb species 
that proliferate. Out of the 12 species of plants that had a greater cover in the presence of prairie 
dogs, six species were introduced forbs. At the community level, the cover of introduced forbs 
was 3.5 times higher in areas occupied by prairie dogs (Figure 5). Although introduced forb 
cover did not correlate with prairie dog occupation time (Figure 10), potentially due to large 
variability within the dataset, 74% of individual transects examined had increases in mean 
introduced forb cover after prairie occupation. Furthermore, introduced forbs had the highest 
average rate of cover increase immediately following prairie dog occupation (year = 1; Figure 
11), and were the dominant cover class after three years of occupation (Figure 11).  
The abundance and diversity of introduced forbs has been increasing in some areas of 
Boulder (Lawton 2010). By reducing vegetation and increasing bare soil cover, prairie dogs may 
be creating voids within colonies that would have been filled by the expansion of native forbs 
under more natural conditions (Figure 13; Bonham and Lerwick 1976, Hartley et al. 1999). In 
Boulder, these voids may be vulnerable to the colonization and expansion of introduced forb 
species already established in the region (Figure 13). Once established within colonies, selective 
grazing by prairie dogs may be eliminating native plants that typically outcompete many 
introduced forbs, allowing the introduced forbs to flourish. The impacts resulting from 
introduced plant invasions are often site specific (Ehrenfeld 2010), but can impact multiple 
trophic levels and lead to the disruption of ecosystem processes such as soil nutrient cycling 
(Wilcove et al. 1998, Mack et al. 2001, Ehrenfeld 2003) and ecosystem dynamics (Vitousek et al. 
1987).  
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Fig. 13. Potetenial landscape effects impacting the role of the prairie dogs and 
chages to grassland vegetation in natural and antrhopogenic areas. 
 
The anthropogenically fragmented landscape around Boulder, Colorado, has had variable 
effects on the area’s native fauna. The abundances of small mammals, grassland nesting 
songbirds, and wintering raptors have shown negative correlations with urbanization (Bock et al. 
2002, Haire et al. 2000, Berry et al. 1998), but urbanization has had no effect on either butterfly 
or grasshopper abundances (Collinge et al. 2003, Craig et al. 1999). Work by Johnson and 
Collinge (2004) revealed that Boulder’s urban landscape significantly affects prairie dog 
populations. Under natural conditions, prairie dog movement is restricted by soil type, landscape 
topography, and vegetation (Reading and Matchett 1997); in a fragmented landscape, 
anthropogenic features, such as roads and buildings, further restrict prairie dog movement and 
colony expansion. In Boulder, road density and percent urbanization were positively correlated 
with the density of prairie dog burrow entrances (Johnson and Collinge 2004). Furthermore, 
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boundedness, a measure of unsuitable and restrictive habitat surrounding a colony, was also 
positively correlated with prairie dog burrow density (Johnson and Collinge 2004), suggesting 
that isolated urban prairie dog colonies have higher grazer densities than their more natural 
counterparts. Increased grazer density on urban colonies may be partially responsible for the 
novel role of prairie dogs in Boulder. Movement and expansion restrictions may force urban 
prairie dogs to overpopulate colonies, greatly reduce vegetation cover, and cause the observed 
shifts in vegetation compositions (Figure 13).  
In rural landscapes, the prairie dog’s role has been shown to be beneficial to grassland 
biodiversity and essential in maintaining ecosystem health (e.g., Bonham and Lerwick 1976, 
Hansen and Gold 1977, Mills et al. 1993, Miller et al. 1994). In the fragmented urban landscape 
of Boulder, Colorado, the prairie dog’s role is different; their presence now carries novel costs. 
For example, the magnitude of decline among historically common plant species within colonies 
is alarming from a conservation perspective, but a decrease in resource availability during long 
periods of drought or frost may also present long-term persistence issues for Boulder’s prairie 
dogs. Although the decline of litter and grasses observed in this study, as well as increases in 
bare soil and introduced forb cover, have been previously documented in grasslands, but those 
changes in vegetation composition and structure were the result of excessive cattle grazing, not 
the expansion of a native species (Yates et al. 2000, Hayes and Holl 2003).  
Prairie dogs remain essential to grassland ecosystems due to the unique services they 
provide; however, this study suggests that their presence in more anthropogenic landscapes is 
associated with unexpected changes to vegetation compositions with unknown consequences. 
Ecosystem processes, including nutrient cycling, hydrology, and productivity are intimately 
linked to vegetation community compositions, and therefore are likely changing in areas 
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occupied by prairie dogs. Similarly, ecosystem services such as erosion mitigation, the 
abundance of historically common species, and the availability of grazing forage will also be 
impacted. In some instances, such as the decrease in forage for grazers, these novel changes may 
result in a loss of services historically provided by the area. More research is needed to examine 
and quantify the effects of urban prairie dogs on grassland ecosystems in order to understand the 
long-term impacts to plant communities, as well as consequences of these changes on prairie dog 
populations. OSMP personnel have been successfully implementing prairie dog management 
decisions in Boulder despite the challenges created by the complexity of the issue. Results from 
this research, as well the findings from future studies, should be used to provide strategies for 
maintaining the health of Boulder’s grassland ecosystems and maximizing the benefits that 
prairie dogs contribute to the OSMP management goals of these public lands while minimizing 
the costs. 
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APPENDIX 1 
 
The following key contains descriptions for the vegetation database for Appendix 1, located in 
the supplemental materials. The vegetation database for Appendix 1 was utilized for the analysis 
comparing occupied and unoccupied transects. 
 
Key Description 
TRANSECT Name of transect as assigned by OSMP personnel. Transects with strictly 
numerical values correspond to paired locations while those with the 
GMAP prefix were unpaired and locations were randomly chosen. See 
Methods section for further information. 
VALUE Absolute percent cover value from OSMP surveys. 
ORIGIN Origin of plant species where “I” indicates that the species has been 
introduced and “N” indicates a native origin. 
GROUP Group of plant species where “FORB” indicates that the species is 
classified as a forb by the USDA and “GRAM” indicates a species of 
grass. 
LONGEVITY Life history strategy of the plant species. “A” corresponds to an annual 
species and “P” indicates a perennial classification. 
OCCUPATION Occupation status of a given transect for a specific survey year. Occupation 
status was determined utilizing ArcGIS and is further described in the 
Methods section. A value of 1 indicates that the transect was occupied 
while 0 indicates that the transect was unoccupied for that survey year. 
ADD Indicates species that were observed by field observations (value of “0”) 
rather than converted to absolute cover for all potential species in the area 
(value of “1”). Only observed species were used to calculate landscape 
metrics such as richness, diversity, and evenness. Data with a value of 1 
were only used to calculate differences at the species level.    
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APPENDIX 2 
 
The following key contains descriptions for the vegetation database for Appendix 2, located in 
the supplemental materials. The vegetation database for Appendix 2 was utilized for the analysis 
examining the effect of prairie dog occupation duration on cover classes. 
 
Key Description 
TRANSECT Name of transect as assigned by OSMP personnel. Transects with strictly 
numerical values correspond to paired locations while those with the 
GMAP prefix were unpaired and locations were randomly chosen. See 
Methods section for further information. 
VALUE Absolute percent cover value from OSMP surveys. 
ORIGIN Origin of plant species where “I” indicates that the species has been 
introduced and “N” indicates a native origin. 
GROUP Group of plant species where “FORB” indicates that the species is 
classified as a forb by the USDA and “GRAM” indicates a species of 
grass. 
OCCUPATION Occupation status of a given transect for a specific survey year. 
Occupation status was determined utilizing ArcGIS and is further 
described in the Methods section. A value of 1 indicates that the transect 
was occupied while 0 indicates that the transect was unoccupied for that 
survey year. 
COLONIZATION 
TIME 
Number of years prior to prairie dog colonization (negative values) or 
duration of prairie dog colonization for the transect (positive values). See 
Methods section for more information about calculating occupation 
duration. 
ADD Indicates species that were observed by field observations (value of “0”) 
rather than converted to absolute cover for all potential species in the area 
(value of “1”). Only observed species were used to calculate landscape 
metrics such as richness, diversity, and evenness. Data with a value of 1 
were only used to calculate changes at the species level.    
 
 
